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(71) We, The Dow Chemical Com- 
pany, a Corporation organised and existing 
under the laws of the State of Delaware, 
United States of America, of Midland, County 
of Midland, State of Michigan, United States 
of America, do hereby declare the invention, 
for which we pray that a patent may be 
granted to us, and the method by which it is 
to be performed, to be particularly described 
in and by the following statement: — 

Water-soluble cellulose ethers are oommer- 
dally prepared by selective depolymerization 
of very high molecular weight natural cellulose 
such as cotton linters or wood pulp by chemical 
15 and physical means. In preparing sodium carb- 
oxymethyi cellulose and alkyl cellulose ethers, 
natural cellulose is treated with alkali to reduce 
its molecular weight and solution viscosity 
prior to carboxymethylation or alkylation. Yet 
some applications require a greater solubility 
than can be economically achieved by chemi- 
cal treatment. The increased solubility ad- 
versely affects normal purification methods/ 

Irradiation depolymerization of an essen- 
tially dry solid cellulose ether is particularly 
suitable for preparing products the 2 weight 
percent aqueous solutions of which have a 
viscosity below 100 cpa. at 20°C 

The non-uniform dose within a solid irradi- 
ated sample causes several operating problems. 
If a sample thickness is adequate- to absorb all 
the radiation energy, various portions of the 
sample receive widely different doses and a 
non-uniform product is obtained. If a very thin 
sample is used, a significant portion of the 
radiation energy is lost 

It has now been found and die discovery 
forms the basis for the present invention that 
cellulose ethers can be very effectively depoly- 
nreri zed by exposing the substantially dry 
solid ether to a beam of accelerated electrons 
in a process wherein substantially all of the 
radiant energy is absorbed by the use ' of ~a 
la^er or bed of the cellulose ether having- "a 
f ~"1 
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depth approximately the same as the penetra- 
tion depth of the beam. 

In accordance with the present invention 
there is provided a process for depdymcrizing 
a water soluble cellulose ether which process 
comprises irradiating a layer of a free flowing, 
paracntote, water-soluble cellulose ether, said 
layer having a uniform depth adjusted to 
within 10 percent of the penetration depth of 
the beam, with a beam of accelerated electrons 
and thoroughly blending the thus treated cellu- 
lose ether. 

Particularly good results are obtained when 
the electron beam is accelerated by a 0.3 to 
10 million electron volt (Mev) accelerator. 

While substantially any particulate cellulose 
ether can be depolymerized in this manner, the 
process of the invention is especially adapted to 
the deporyrnerization of nonionic a&yl cellulose 
ethers such as, far example, methyl cellulose 
ether and hydroxypropyl methyl cellulose ether. 
In a more preferred embodiment of the inven- 
tion, hydroxypropyl methyl cellulose, the 2 
weight percent aqueous solution of which has a 
viscosity at 20°C of 50 centipoises (cpa) can 
be irradiated preferably in a layer containing 
LO ±. O.r g/atf with a beam of 2,0 Mev 
electrons to provide an irradiated cellulose 
product, the 2 weight nermrt aqueous solution 
of which has a viscosity at 20°C of 2 to 
25 cps. 

This invention provides far more efficient 
utilization of die irradiation energy in reduc- 
ing the molecular weight of a free-flowing, 
particulate cellulose ether as evidenced by a 
lower solution viscosity. By using an irradia- 
tion thickness about equal to the penetration 
range of the electron beam, and blending the 
irradiated ether in a free-flowing particulate 
form, essentially complete utilization of the ir- 
radiation energy is achieved and a product 
having: properties of essentially uniform irradia- 
tion is achieved - . 

Other advantages wifl become apparent from 
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the following description and the accompanying 
drawings in which Figure 1 is a depth-dose 
curve for 2 Mev electrons, Figure 2 is a pene- 
tration vs. acceleration voltage curve, and 
5 Figure 3 is a cross-sectional view of one em- 
bodiment of a device suitable for the present 
process* 

Referring to Figure 1, the radiation dose 
delivered by an electron beam to a solid mat- 

10 erial varies with the depth of beam penetration. 
It is proportional to the energy of the beam 
and inversely proportional to the density of the 
material. For 2.0 Mev electrons, the relative 
radiation dose increases from 60% of the maxi- 

15 mum at the entrance surface of the irradiated 
material to 100% at 1/3 the 'maximum pene- 
tration range and then decreases rapidly to 0 
at the maximum range. Similar curves have 
been dete r™™*** for electrons with other initial 

20 energy levels. 

To reduce dose variation within a sample, 
normally the sample thickness or depth (D) 
is adjusted so that the entrance and exit sur- 
faces receive an equal radiation dose. With 

25 2 Mev electrons as shown in Figure 1, the 
entrance-exit dose in 6*0% of the maximum 
dose. The energy penetrating "beyond the exit 
surface is wasted. For 2 Mev electrons the 
waste energy represented by the shaded area 

30 W amounts to 16% of the energy incident on 
the material. 

Figure 2 expresses the penetration depth or 
range of the acceler at ed electrons in g/cm 1 
as a function of the acceleration voltage. For 

55 incident electrons of 0.3 — 15 Mev, the pene- 
tration range is 0.5 — 0.6 g/cm 1 Mev. More 
precisely the penetration range for preferred 
operating voltages (E) of 0.5 — 10 Mev is given 
by the formula: 



Rfe/cm a )^0.542E - 0.133 



(Kohl e.a, "Radioisotope Applications En- 
gineering", New York, 1961, p. 430). 

Figure 3 illustrates an apparatus suitable for 
the present process. In mis embodiment^ the 

45 free-flowing particulate cellulose ether 2 is fed 
from, a vibrating feeder 4 onto a continuous 
conveyor belt 6 to form a substantially uni- 
form layer 8 of the cellulose product on the 
belt. The thickness of the layer is adjusted 

50 to 100 ± 10% of the effective range of the 
accelerated electron beam 10. The belt carries 
the layer of cellulose ether through the ac- 
celerated electron beam 10. The beam is pro- 
duced by a generator (hot shown) and spread 

55 or diffused, for example, by passing through 
a flared scanner 12 and a thin metal foil 
window 14, before impinging on the layer of 
cellulose product The electron beam is ab- 
sorbed by the layer of solid particulate ceDu- 

60 lose ether passing through the beam. The ir- 
radiated product 16 is transferred as a free- 
flowing particulate stream into a collecting 
hopper 18 having a pneumatic conveyor outlet 



line 20 to convey the irradiated ether to an- 
other unit 22 for storage, further processing or 65 
packaging. 

Since the depth of the layer of solid par- 
ticulate cellulose ether passing through the elec- 
tron beam is about equal to die penetration 
range of the accelerated electrons, an overall 70 
energy absorption efficiency of 96% or better is 
obtained. The exact efficiency will depend on 
the amount of overscan used in irradiating the 
ether. 

It has been found that transfer of the ir- 75 
radiated cellulose ether from the con v e yo r belt 
to the collecting hopper as a free-flowing, par- 
ticulate stream and subsequent transfer to 
storage by a pneumatic conveyor line provides 
the thorough blending essential to obtaining a 80 
final bulk product having an essentially uni- 
form average irradiation dose. However, a 
blender designed to handle the particulate 
solids can also be incorporated in the process 
Ifn ^ STibsetjnent to the irr adiation station. 85 

The improved process can be used to depoly- 
merize a variety of free-flowing particulate 
cellulose ethers. Particularly suitable are water- 
soluble cellulose ethers obtained by chemical 
modification of wood and cotton cellulose. 90 
Typical of such chemically modified cellulose 
ethers are ntlhilose ethers including 0— C A 
alkvl and hydroxyalkyl ethers such as methyl- 
cellulose, emylcefinlose, hydr ox y ethy lce fl u lo se , 
hyoroiypxiopylmethylrsdln?osfj and hydroxy- 95 
cthylmethykeBulose; carboxyalkyl cellulose in- 
cluding carboxymetiiyicelhilose; methyicarb- 
orymethyicellnlose, hydroxypropyicarbory- 
methylcellulose, carboxymethylhyaroxyethyl- 
ceUulose and ethylhyo^xyethylcellulose ethers. 100 

It is essential that these cellulose ethers be 
in a free-flowing particnlam form so that a 
substantially uniform layer can be prepared for 
irradiation and thereafter readily blended to 
obtain a desired average irradiation dose. 105 
Granular and powdered forms can be used with 
an ether having a particle size finer than 10 
mesh (U.S. Standard Sieve Scale) being pre- 
ferred. 

The moisture content of the cellulose ether HO 
is not critical, provided that the particles are 
free-flowing and non-agglomerating when ir- 
radiated. With an alkykeHulose ether, a 
nominally dry and free-flowing product can 
contain up to 4% by weight water, but a mols- 115 
ture content less than 2% by weight is usually 
desirable. 

The process is particularly suitable for re*- 
dudng the viscosity of a water-soluble cellu- 
lose ether having a viscosity of 100-4,000 120 
cps. as a 2 weight p e r c en t aqueous solution at 
20°C to less than 100 cps. and preferably to 

2— 25 cps. 

Machines capable of producing a beam of 

03— 10.0 Mev electrons are oommerdallv 125 
available and include cascade, Van de Graaff, 

and linear accelerators. The radiation time 
•will vary from a few seconds to several minutes 



depending on the strength <rf the radiation 

fli?^M degr ? of depolyneriation. With 
«! 1 ~ 2 Me7 efcctrons, a radiation dose of 
^^/Pass can be used without 
overiieadng the cellulose ether. For hfcher 
doses multipass radiation is often d^abST 
rfJ^ni^* fur ^ cr I««em invention, 

10 Shf^^if 8 8011 P«entHg» arclj 
wagm. All viscosities were determined as a 2 
waght percent aqueous solution at 20°C 

Example 1 
Radiation of Cellulose Ethers with 
_ t 2.0 Mev Electrons 

P^ 16 * 1 water-soluble hydroxy- 
propylmethyloellulose were weighed into own 
dishes to give sample thicknesses of 0.18-L50' 
90 fa »; Th V™pk» were then irradiated with 
IL^J^fJ a Van deGraS 
generator by passing the sample dishes through 



^electron beam in a direction normal to the 

witn a beam scan of 41 an at the samole Wi 

g/cm*, .amminum fita* were mterpS be- 
twwn the beam exit window andlkTampL 
surface to brmg die sample thickness 
P»per petition^ the 2.0KS™ 

Byerifnomil results with samples of hv- 

odmlose h^nf^liS 40 
V«cority^50ci». and 400 cpTare grCg 40 



Tablb 1 

Radiation of 50 cpe. Celmlose Ether 



Sample 
NoT 



Thickness (g/cm*) 



I— 1 
1—2 
1-3 
1—4 
1-5 
1-6 
1—7 




Av. Dose 
(Mrad) 



a Aluminum filter used. 



6 
6 
6 

10 

10 

10 

10 



Dose Spread 
Min. — Max. 



60-63% 
60-100% 
0—100% 
60-63% 
60-100% 
0-100% 
0-100% 



Final 
Viscosity 



10.7 cps 
10.2 cps 
9.9 cps 
4.8 cps 
6.7 cpe 
6.1 cps 
6.1 cps 



Tabu 2 

Radiation of 400 cps. Cellulose Ether 



Sample 
No. 



Thickness (g/aa") 



2-1 
2-2 
2—3 
2-4 



<U8a 
0.66 
1.00 
0.18a 



Av.Dose 
(Mrad) 



6 
6 
6 
10 



Dose Spread 
Min. — Max. 



60-63% 
60—100% 
0—100% 
60-63% 



Final 



19.1 cps 
16.8 cps 
16.1 cps 
6.5 cps 
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Table 2 (continued) 
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20 



Sample 

rio* 


Thickness (g/cm a ) 


Av. Dose 
(Mead) 


Dose Spread 
.Mb,— Mar. 


Final 
Viscosity 


4 — 0 


0.66 


10 


60-100% 


8.9 qps 


2—0 


1.00 


10 


0—100% 


5.6 cps 


2 — 7 


1.00 


10 


0-100% 


9.0 cps 


o o 


1.00 


15 


0-100% 


: 6.7 cps 


2-9 


1.10 


154 


0-100% 


11.9 cps 


2—10 


1.20 


154 


0—100% 


16.3 cps 


2—11 


1.50 


154 


0—100% 


39.8 cps 


2—12 


0.6 


20 


60—100% 


3.0 cps 


2-13 


0.8 


20 


35—100% 


2.9 cps 


2-14 


0.9 


20 


18—100% 


3.8 cps 


2-15 


1.0 


30 


0-100% 


2.9 cps 



a Aluminium filter used. 

b Dose for top 1 g/cm* Lower portion unirradiated 
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Table 1 illustrates effective radiation depoly- 
merization of g 50 cps. hydrox y ^ opyl metfayl 
cellulose for thicknesses up to LOO g/cm 1 , the 
5 range for 2J0 Mev electrons. At a thickness 
of 0.66 g/cm*, a thickness at which the radia- 
tion dose at the top and bottom surfaces is 
about the same, the energy absorption efficiency 
is 85%. By increasing the thickness to 1.00 
g/cm", the absorption efficiency is 100%. In 
teems of a theoretical input of a 500 watt ac- 
celerator with a 100% beam utilization and a 
75% scanning efficiency, an increase in the 
thickness from 0.66 g/cm* to 1.00 g/an* in- 
creases the machine output from 552 megarad 
kg/hr to 65.8 megarad kg/hr, an increase of 

Table 2 illustrates a similar increase in effi- 
ciency and effective radiation depolyxnerization 
of a 400 cps hydroxypropylmetbyl cellulose. - 
Note that in the range from O.lg g/an* to 
1.0 g/cm? the final viscosity is J<f*«A*r\t on 
the dose, but independent of the dose spread- 
and sample thickness. With samples thicker 
than 1.0 penetration range of the 2.0 Mev, 
the lower portion of the sample ia unirradiated. 
Because the product Is thoroughly blended after 
irradiation, a small amount of unirradiated pro- 
duct can be tolerated without detrimental effect 
on the final product. As the spread between 



initial and final viscosity increases, the amount 
of unirradiated product that can be tnlrmtyd 
decreases. Thus for optimum utilization of the 
irradiation energy and product properties, the 
depth of the radiation sample should be coo- 35 
trolled to ±10% of the penetration range of 
the accelerated electrons. 

Example 2 
Radiation of Cellulose Ethers with 

0J Mev Electrons 40 
Weighed samples of a ftee-flowing powdered 
400 cps hyuroxypropylmethyl cellulose were 
pressed into thin discs having a thickness of 
0.127—0.131 g/cm" fur radiation with 0.5 
Mev electrons from an ICI— 500 accelerator 45 
(High Voltage Engineering Corp.) having a 
penetration range of 0.140 g/cm 1 . The test 
discs were mounted on a cardboard backing 
and passed through the OJ Mev beam at a rate 
adjusted to give a desired average dose. The 50 
individual samples were then ground and 
thoroughly blended before viscosity determina- 
tions were made. 

Typical results shown in Table 3 show 
an effective and efficient radiation depoly- 55 
merization using a sample thickness about 
equal to the p enetration range of the acceler- 
ated elections. 
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Table 3 
Ration whii 0.5 Mct Electrons 



Sample 
No. 



Thickness (g/cm*) 



Av. Dose 
(Mrad) 



3-1 
3-2 
3-3 
3-4 
3 ""5 
3-6 



Final 
Viscosity 



0.1280 
0.1284 
0.1279 
0.1288 
0.1296 
0.1289 



0 

4.4 
9.0 
10.4 
12.8 
16.7 



335cps 
19.7 cps 
10.5 cps 
7.9 cps 
6.9 cps 
5.1 cps 
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Example 3 
Puliation of Celtolose Ethers with 
1.0 Mev Electrons 
Swrqpfesof tt free-flowing powdered 400 cps. 

wttfr a penetration range of 0.55 g/an* with 
average doses ranging from Mrad mve 
irradiated product* hsi V ,w J-L - 



sutai in opdmura trdlization of the radiation 



after 

TO- 



r ^«g^ uvjsca xangmg rxom 3—25 Mrad 
penetraUon range of the 1.0 Alw electrons rc- 



. Example 4 
Kadianan af Cellulose Ethers whh 

Several ssmptaoT ^S"™ 

prepared and irradiated using a nominal 10 
Mev electron beam from mtHWlnfaowa}* 

S^T^S Midwest IrrSE 
Cater, KocWord, Illinois. Calibration at the 
time die cellulose ether samples were h> 
radiated indicated a beamTST a^neriy 



Tabu 4 
Radiation with 8.4 Mev Electrons 
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Example 5 
Radiation Conditions 
in the preparation of a lower viscosity cel- 
hdose s derroum by electron beam irradiation 
* ■ J**""? ^ viscasiw produX the 
total radiation dose is the critical process para- 



S2f " ^-frying particulate cellulose 
SuSLE?™^ 7 aSta radiation, me 

*g£do« .distribution and the mofcetdar 
waght distribution of the cellulose ether com- 

Dine tn mMH o final j . 
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25 



30 



40 



• • , — — vwauivkk; CU2CT ccm- 

bine to vieM a ^viscosity that is a repro- 
1 "UictiQa of the average radiation dose. 



doable: 
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Control of the sample thfckneato 100 ±10% cellulose ether when Jiradiated also h ave a 

of the effective range of the accelerated dec small effect on the viscosity change for a riven 

trons provides essentially complete utilization dose as shown by typical res ults in Tables 5 

of the radiation energy. and 6 using a standard hydroxypropytaiethyl 

The moisture content and temperature of the cellulose* W 

Table 5 





Moisture Cont 


ent (2.0 Mev; 0.66 g/cm*) 




Hon 


Initial 
Viscosity 




Dose 
Megarad 


Final 
Viscosity 


5-1 


50.6 cps 


0 


10 


7.4cps 


5—2 


50.6 cp8 


4.3 


10 


5.8 cps 


5-3 


50.6 cps 


8.25 


10 


6.5 cps 


5-4 


392 cps 


0 


10 


8.6 cps 


5-5 


392 cps 


3.9 


10 


6.9 cps 


5-6 


392 cps 


11.86 


10 


6.3 cps 



a Dried in vacuo (<ln) &r 16 hrs. at room temperature and then 
known amoont of water added. 



b Same agglomeration observed. 



Tabub 6 

Radiation Temperature (2.0 Mev; 0.66 g/cm*) 



Run 


Initial 
Viscosity 


Temp >a 


Dose 
Megsxad 


Final Viscosity 


6—1 


56.1 cps 


21 °C 


6 


10.2 cps 


6-2 


56.1 cps 


75 °C 


6 


9.5 cps 


6-3 


56.1 cps 


125 °C. 


6 


6.7 cps 


6—4 


392 q* 


21*G 


6 


16.8 cps 


6-5 


392 cps 


50«C 


6 


16.7 cps 


6-6 


392 cps 


100'C 


6 


10.6 cps 


6—7 


3570 cps 


2VC 


6 


34.6 qps 


6-8 


3570 cps 


100'C 


6 


22.0 cps 



cu Sample temperature before hradiation. 
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WHAT WE CLAIM IS:— 

1. A process for depolymerizing a water 
soluble cellulose ether which process comprises 
irradiating a layer of a free flowing, particu- 
late, water-solnble cellulose ether, said layer 
having a uniform depth adjusted to within 10 
percent of the penetration depth of die beam, 
with a beam of accelerated elections and 
thoroughly blending the thus treated cellulose 
ether, 

2. A process as daimed in claim 1 wherein 
the beam is accelerated by a 0.3 to 10 Mev 
accelerator. 

3. A process as claimed in claim 1 or daim 
2 wherein the cellulose ether which is irradi- 
ated is a non-ionic alkyl cellulose ether. 

4. A process as daimed in daim 3 wherein 
tnealkyi cellulose ether is a methyl cellulose 
ether or a hydmxypropyl methyl cellulose 

5. A process as daimed in any one of claims 



1 to 4 wherein a cellulose ether, the 2 weight 
percent aqueous solution of which has a vis* 
t»Mly at 20°C of 50 cendpoises, is irradiated 
and blended to prepared an irradiated cellulose 
ether, the 2 weight percent aqueous solution of 
which has a viscosity at 20°C of 2 to 25 
centipoises. 

6. A process as claimed in daim 5 wherein 
gjgrc d hydroxypropyl methyl cellulose 
haying a thickness to provide 1.0 zt 0.1 e/orf 
is irradiated with 2.0 Mev electrons. 

7. A process as daimed in claim 1 sub- 
stantially as hereinbefore described in the seed- 
Ac Examples. 

8. A water-soluble cellulose ether whenever 
obtained by a process as daimed in any one 
of claims 1 to 7. 

BOULT, WADE & TENNANT, 
Chartered Patent Agents, 
112 Hatoon Garden, London, EC1N 8NA. 
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